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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the control unit of the variable-capacity 
compressor which uses refrigerants, such as a carbon dioxide (C02), in a supercritical region in 
refrigerating cycles, such as an air conditioner for automobiles, about the control unit of a variable- 
capacity compressor. 
[0002] 

[Description of the Prior Art] Since the compressor used in order to compress a refrigerant in the 
refrigerating cycle of the air conditioner for automobiles makes the engine the driving source, it cannot 
perform revolving speed control. Then, in order to acquire suitable cooling capacity, without being 
restrained by the engine rotational frequency, the variable-capacity compressor into which the capacity 
(discharge quantity) of a refrigerant is changeable is used. 

[0003] The piston for compression is connected with the rocking plate attached in the shaft by which a 
rotation drive is carried out with an engine, and he is trying to change the discharge quantity of a 
refrigerant by changing the stroke of a piston by changing the include angle of a rocking plate in such a 
variable-capacity compressor. 

[0004] By the refrigerating cycle which used c hlorofluocarbon (for example^ HFC-134a) for the 
refrigerant, a control valve like a publication is used for the control by J L64-27487,U , for example. The 
valve portion arranged on the free passage way which opens for free passage compression space and the 
crank case where the rocking plate is arranged according to this control valve, It has t he diaphram which 
receives the pressure of an inhalatorium, and the actuation rod which tells a motion of the diaphram to 
the valve element of a valve portion. Diaphram receives pressure in the pressure of an inhalatorium and 
a valve element is controlled, and the include angle of a rocking plate is changed, and he changes the 
stroke of a piston, and is trying to change the discharge quantity of a refrigerant by changing the 
pressure introduced in a crank case from compression space. That is, the pressure of an inhalatorium is 
controlled by controlling the pressure in a crank case in response to the pressure of an inhalatorium to a 
setting pressure, consequently the blowdown temperature from the evaporator of a refrigerating cycle is 
kept constant. Moreover, if a load falls, the pressure of an inhalatorium will decline, an evaporator will 
cany out frosting, but in order avoid it and to control so that the pressure of an inhalatorium does not 
decline from a predetermined pressure, the spring and the solenoid are arranged in the pressure receiving 
side of diaphram, and the field of the opposite side. A spring gives the load corresponding to a 
predetermined pressure to diaphram, and the solenoid enables it to adjust the load of the spring from the 
exterior. 

[0005] Here, if the temperature change of a refrigerant considers as about 0-15 degrees C when a 
refrigerant is chlorofluocarbon, the discharge pressure of compression space will change in the range of 
about 0.5 to 3 MPa, and the pressure of an inhalatorium will change in the range of about 0.3 to 0.45 
MPa. That is, the control differential pressure of a solenoid can serve as about 0.15 MPa(s), and can 
change the temperature of a refrigerant from the range of the pressure variation of this inhalatorium in 0- 
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1 5 degrees C by changing the current of a solenoid with an external control signal. 
[0006] By the way, using a carbon dioxide is proposed from chlorofluocarbon from the environmental 
problem which the refrigerant used in the refrigerating cycle of the air conditioner for automobiles 
requires for ozone layer depletion. Also in the refrigerating cycle which used the carbon dioxide for the 
refrigerant, fundamental actuation is the same as the refrigerating cycle and principle target which used 
chlorofluocarbon for the refrigerant. 

[0007] Namely, a refrigerating cycle consists of piping so that it may return from a compressor to a 
compressor via a gas cooler, an expansion valve, an evaporator, and a receiver. Compress the refrigerant 
of the carbon dioxide of a gaseous-phase condition with a compressor, and the refrigerant of the 
compressed gaseous-phase condition of elevated-temperature high pressure is cooled in a gas cooler. 
Next, after decompressing by the expansion valve, the refrigerant which changed into the vapor-liquid 2 
phase condition is evaporated with an evaporator, the latent heat of vaporization is taken from the air of 
the vehicle interior of a room here, and the air of the vehicle interior of a room is cooled, and he carries 
out vapor liquid separation of the refrigerant with a receiver, and is trying to return the carbon dioxide of 
the separated gaseous-phase condition to a compressor. 

[0008] 3.5 - 6.5MPa extent and the single or more figures of the suction pressure of a compressor are 
high to being 0.3 - 0.45MPa extent in the case where chlorofluocarbon is used for a refrigerant, and a 
discharge pressure also becomes high with 7 - 15MPa extent to being 0.5 - 3MPa extent by the 
refrigerating cycle which used this carbon dioxide as the refrigerant by the case where chlorofluocarbon 
is used for a refrigerant. 

[0009] What is necessary is to receive pressure directly in suction pressure, and just to make diaphram 
with a small effective diameter in a control valve which controls the pressure in a crank case according 
to the pressure, in order to change the pressure of 3MPa(s) using the solenoid which can put only the 
pressure of 0. 15MPa extent on diaphram at the maximum. 
[0010] 

[Problem(s) to be Solved by the Invention] However, when it was going to make the diaphram which 
fulfills the above flow and pressure requirements, diaphram needed to be made [ whose effective 
diameter of a pressure receiving side is about 2mm ] very small, and had the trouble that it could not 
make in fact. 

[001 1] This invention is made in view of such a point, and it aims at offering the control unit of the 
variable-capacity compressor used by the refrigerating cycle which used the refrigerant which operates 
in a supercritical region like a carbon dioxide. 
[0012] 

[Means for Solving the Problem] It is a variable-capacity compressor for compressing the refrigerant 
used by the supercritical refrigerating cycle, in order to solve the above-mentioned problem in this 
invention. The rocking object which is prepared in the tilt-angle adjustable to a revolving shaft in the 
crank case formed airtightly, and carries out rocking movement by the rotation drive of said revolving 
shaft, After inhaling and compressing the refrigerant from an inhalatorium into a cylinder by connecting 
with said rocking object and reciprocating, In the control unit of the variable-capacity compressor to 
which it was made to change discharge quantity by having the piston which carries out the regurgitation 
to a regurgitation room, and changing the tilt angle of said rocking object according to the difference of 
the pressure in said crank case, and the pressure in said inhalatorium The control valve which controls 
the valve element which is prepared in the high-pressure free passage way which opens said 
regurgitation room and said crank case for free passage, and introduces the pressure from said 
regurgitation room to said crank case according to the pressure detection by the pressure-sensitive part, 
The control unit of the variable-capacity compressor characterized by having the constant differential 
pressure regulating valve controlled so that the pressure which it is prepared in the low voltage free 
passage way which opens said inhalatorium and pressure-sensitive part of said control valve for free 
passage, and the pressure-sensitive part of said control valve receives, and the pressure of said 
inhalatorium become the fixed differential pressure of arbitration is offered. 
[0013] According to the control unit of such a variable-capacity compressor, the discharge quantity 
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(capacity) of a refrigerant was changed by a control valve's detecting the pressure in said inhalatorium 
through a constant differential pressure regulating valve, and controlling the pressure introduced to a 
crank case. Thereby, it is not necessary to control directly the pressure-sensitive part of a control valve, 
and the high-pressure refrigerant used by the supercritical refrigerating cycle can be easily controlled 
now by having controlled big differential pressure by the constant differential pressure regulating valve. 
[0014] 

[Embodiment of the Invention] The case where the gestalt of operation of this invention is hereafter 
applied to the variable-capacity compressor for refrigerating cycles which used the carbon dioxide for 
the refrigerant is explained to an example with reference to a drawing at a detail. 
[0015] Drawing..! is drawing of longitudinal section showing the outline configuration of the variable- 
capacity compressor equipped with the control unit by this invention. The variable-capacity compressor 
1 constitutes the refrigerating cycle of a closed circuit from the exit port being piped in an inlet-port port 
via the gas cooler 2, the expansion valve 3, an evaporator 4, and a receiver 5. 
[0016] This variable-capacity compressor 1 has the fttffction to compress into high pressure the low- 
pressure refrigerant sent in from the receiver 5, and to send out the compressed high -pressure refrigerant 
to the gas cooler 2, and explains the detail of this variable-capacity compressor 1 hereafter. 
[0017] The variable-capacity compressor 1 is equipped with the revolving shaft 1 1 in which is arranged 
in the crank case 12 constituted airtightly, and a rotation drive is carried out by the driving pulley 13. In 
this revolving shaft 1 1, the rocking plate 14 is arranged in the state of an inclination, and rocks in the 
direction of an axis according to rotation of a revolving shaft 1 1 . 

[0018] Two or more cylinders 15 are arranged on a periphery, in each cylinder 15, the piston 17 is 
arranged free [ reciprocation ] and the piston 17 and the rocking plate 14 are connected with the 
periphery in a cran k case J^ 2 with the rod 18. 

[0019] Therefore, if the rocking plate 14 rocks, after a piston 17 will reciprocate within a cylinder 15, 
will inhale a refrigerant in a cylinder 1 5 from the inha latorium 20 formed in the inner part of the 
cylinder 15 and will compress the refrigerant, the regurgitation is carried out to the regurgitation room 



**t0020] in addition, inhalatorium 20 comrades in each cylinder 15 and regurgitation room 21 comrades 
are open for free passage through the free passage way which is not illustrated respectively. Moreover, 
the inhalatorium 20 and the crank case 12 are open for free passage through the thin fixed orifice 25 
which misses and serves as a path. 

[0021] Since the rocking width of face of the direction of an axis, i.e., the stroke of a piston 17 , will 
change if a tilt angle changes and the rocking plate 14 changes the tilt angle of the rocking plate 14 by 
differential pressure with the average of the pressure Pc in a crank case 12, and the pressure of the piston 
upper part (room where a piston is shown caudad by a diagram), the discharge quantity (capacity) of the 
variable-capacity compressor 1 changes. 

[0022] Between the reg urgitation room 2 1 and the c rank case 1 2, the high- pressure free passage way 27 
is formed, and the control valve 30 is formed while being the high-pressure free passage way 27. This 
control valve 30 controls the high pressure introduced from the regurgitation room 21 to a crank case 12 
according to the pressure Ps in an inhalatoriumgQ, and controls the pressure Pc in a crank case 12. 
[0023] Between the inhalatorium 20 and d econtrol valve 30^) he low voltage free passage way 28 is 
formed, and while being the low voltage free passage way 28, the constant differential pressure 
rQ^A^mgw3\vo50^is formed. This constant differential pressure regulating valve 50 pro duces 
predetermined differential p ressure betwee n the pressures Ps in the inhalatoriuin 2 0 whic h^a control 
^yal^eJj) sen ses, and that predetermined difterential pressure^can be made to carryout adjustable 
accordin g to electromag neti c force.^ 

[0024] Drawing 2 is the sectional view showing the configuration of a control valve. The control valve 

30 prepared in the high-pressure free passage way 27 of the variable-capacity compressor 1 consists of a 
'"power ele ment 32 which carries out drive control of the valve body 3 1 and this valve body 3 1 . The port 

35 which Introduces the pressure Pd of 12MPa extent in the regurgitation room 21 when the valve body 

3 1 is opened for free passage by the regurgitation room 21 of the variable-capacity compressor 1 
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through the strainer 34 attached around the body 33, It has the port 36 into which the pressure Pc which 
was opened for free passage by the crank case 12 of the variable-capacity compressor 1, and was 
controlled there is made to introduce, and the port 37 opened for free passage by the inhalatorium 20 of 
the variable-capacity compressor 1 through the constant differential pressure regulating valve 50. 
[0025] In the refrigerant passage which opens the port 35 of the pressure Pd in the regurgitation room 
21, and the port 36 of the pressure Pc in a crank case 12 for free passage, the valve element 38 is 
arranged so that it may sit down from the port 36 side of the pressure Pc in a crank case 12 to the valve 
seat formed in the body 33 and one. This valve element 38 is energized in the direction of clausilium 
with the spring 39, and the spring load of this spring 39 is adjusted by the adjustment **** 40 screwed 
on the port 36. Moreover, the shaft 41 by which a control drive is carried out is held free [ an attitude in 
the direction of an axis ] with the power element 32 in the valve element 38 in the axis location of the 
body 33. The part which holds the shaft 41 between a port 35 and a port 37 has predetermined path 
clearance, and constitutes the fixed orifice 42 which is made to leak the pressure Pd in the regurgitation 
room 21 introduced into the port 35 to a port 37, and secured the predetermined intermediate pressure 
Pa. 

[0026] The power element 32 consists of the diaphram 45 of the pressure-sensitive part material 
arranged so that the space surrounded by the bottom casing 43, the top casing 44, and these bottom 
casing 43 and the top casing 44 may be divided, two disks 46 and 47 arranged so that this diaphram 45 
may be pinched from both sides, and a spring 48 which energizes a disk 46 to the valve body 3 1 side. 
High-pressure gas is enclosed in the top casing 44, and it is made for the back pressure concerning 
diaphram 45 to have 5MPa extent together with the load of a spring 48 at the time of 0 degree C. 
[0027] The disk 47 by the side of the valve body 31 is in contact with the end face of the shaft 41 
loosely inserted in the free passage hole 49 which opens the port 37 of the body 33, and the diaphram 
room by the side of the valve body 3 1 for free passage. 

[0028] Therefore, since this control valve 30 is connected to the inhalatorium 20 through fixed 
differential pressure deltaPi from which the port 37 was made by the constant differential pressure 
regulating valve 50, he is trying for change of the pressure Ps of an inhalatorium 20 to affect diaphram 
45 through a port 37 and the clearance between the free passage hole 49 and a shaft 41 . If the pressure 
Ps of an inhalatorium 20 declines from a predetermined pressure, since the intermediate pressure Pa by 
which pressure receiving is carried out with diaphram 45 declines, and a valve element 38 will be 
depressed and it will open through a shaft 41 by this Because the pressure introduced in a crank case 12 
through the high-pressure free passage way 27 increases from a port 36 and the pressure Pc in a crank 
case increases the variable-capacity compressor 1 It is controlled in the direction in which the discharge 
quantity of a refrigerant decreases, the pressure of an inhalatorium 20 rises by this, and it is controlled so 
that the pressure of an inhalatorium 20 does not decline any more. 

[0029] Drawing.! is the sectional view showing another configuration of a control valve. Control valve 
30a shown in this drawing„3 is made the configuration which removed the spring 48 arranged at the top 
casing 44 from the control valve 30 shown in drawing 2 . Gas is enclosed with the besides side casing 
44, and it is made for the back pressure concerning diaphram 45 to have 5MPa extent at the time of 0 
degree C. The other configuration of the power element 32 and actuation of control valve 30a are the 
same as the control valve 30 shown in drawing 2 . 

[0030] Drawing 4 is the sectional view showing the configuration of a constant differential pressure 
regulating valve. The constant differential pressure regulating valve 50 has the valve element 52 
arranged so that it may sit down from an inhalatorium 20 side to the valve seat 51 prepared in the middle 
of the low voltage free passage way 28 which opens an inhalatorium 20 and the diaphram of a control 
valve 30 for free passage. The sleeve 53 is arranged on the same axis as this valve element 52. 
[003 1] In the sleeve 53, fit-in arrangement of the attitude of a plunger 54 in the direction of an axis is 
enabled at a valve element 52 side, and the core 55 is being fixed to the opposite side. The compression 
coil spring 56 is installed inside by the core 55, and he energizes a plunger 54 to it, and is trying to sit by 
this the valve element 52 by which fitting was carried out to the plunger 54 to the valve seat 5 1 . 
moreover — the outside of a sleeve 53 — electromagnetism -- a coil 57 is formed and the solenoid is 
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constituted. 

[0032] such a constant differential pressure regulating valve 50 — setting — electromagnetism — if it 
energizes to a coil 57, since a plunger 54 resists the energization force of the compression coil spring 56 
and is attracted to the core 55 side, the force of acting in the direction which shuts a valve element 52 
decreases, thereby, it is moved in the direction which separates from a valve seat 5 1 by differential 
pressure, and a valve element 52 can be controlled to make the order differential pressure small. 
[0033] Here, when it is going to control the blowdown temperature from an evaporator at 0-20 degrees 
C, the pressure of an inhalatorium 20 changes in the range of 3.5 - 5.8MPa extent. Therefore, the 
constant differential pressure regulating valve 50 will look at 2.3MPa(s) and allowances to be the 
difference, and will make the differential pressure of 3MPa(s) at the maximum. This differential 
pressure 0-3 MPa can make it generate by the energization force equivalent to the solenoid attached to 
the conventional control valve, if the diameter of a port of a valve seat 51 is set to about 2mm. 
[0034] The relation with the intermediate pressure Pa of the diaphram interior of a room made from a 
discharge pressure Pd leaking through the pressure Ps in an inhalatorium 20, differential pressure deltaPi 
made by the constant differential pressure regulating valve 50, and the fixed orifice 42 of a control valve 
30 is expressed with Ps=Pa-delta Pi. differential pressure deltaPi - electromagnetism - it can carry out 
adjustable to 0-3 MPa by changing the current value i energized to a coil 57. therefore, since the 
intermediate pressure Pa is maintained at about 1 law by changing this current value i, it becomes 
possible to make it change from Pa-delta Pi to Pa of the pressure Ps in an inhalatorium 20. In addition, 
although this intermediate pressure Pa is changed in response to the effect of an outside temperature, 
since it can amend a part for that fluctuation by adjusting a current value i, it can stabilize the pressure 
Ps in an inhalatorium 20. 

[0035] Thus, in the control unit of the constituted variable-capacity compressor 1, if the load of an 
evaporator 4 becomes small, the pressure Ps in an inhalatorium 20 declines, and the intermediate 
pressure Pa of the diaphram room of a control valve 30 becomes low, consequently the variation rate of 
the diaphram 45 is carried out to the valve body 3 1 side, through a shaft 41, this variation rate will push 
a valve element 38, and will end, and the refrigerants supplied to a crank case 12 from the regurgitation 
room 21 will come to increase in number. 

[0036] Since the pressure Pc in a crank case 12 increases and differential pressure with the average of 
the pressure Pc in a crank case 12 and the pressure of the piston upper part becomes large by this, the 
discharge quantity (capacity) of a refrigerant becomes small because the tilt angle of the rocking plate 14 
becomes small and the stroke of a piston 17 becomes small. When the load of an evaporator 4 becomes 
large, capacity becomes large by actuation contrary to this. Thus, corresponding to the load of an 
evaporator 4, capacity changes automatically. 

[0037] moreover, the electromagnetism of the constant differential pressure regulating valve 50 — if the 
current value i given to a coil 57 is changed, since differential pressure deltaPi will change and the 
pressure Ps in an inhalatorium 20 will change, differential pressure with the average of the pressure Pc 
in a crank case 12 and the pressure of the piston upper part changes, the tilt angle of the rocking plate 14 
changes, the stroke of a piston 17 changes, and capacity changes also with them. 
[0038] therefore, the load of an evaporator 4 - not related - the need — responding - electromagnetism 
— if the current value i given to a coil 57 is changed, the capacity of the variable-capacity compressor 1 
is changeable. 
[0039] 

[Effect of the Invention] the electromagnetism which controls so that the control valve which controls 
the pressure introduced from a regurgitation room to a crank case according to pressure detection of the 
pressure-sensitive part influenced by the pressure of an inhalatorium by this invention, the pressure 
which the pressure-sensitive part of the control valve receives, and the pressure of an inhalatorium 
become the fixed differential pressure of arbitration, as having explained above ~ the control unit of the 
variable-capacity compressor used by the refrigerating cycle which used the refrigerant which operates 
by the constant differential pressure regulating valve of a drive in a supercritical region like a carbon 
dioxide constituted. Since it was not necessary to control a pressure-sensitive part directly by this in 
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order to change the set point, the control valve could consist of constant differential pressure regulating 
valves of the magnitude which can make from magnitude which is used by the refrigerating cycle which 
uses conventional chlorofluocarbon as a refrigerant, and can realize adjustable [ of the set point ]. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the variable-capacity compressor for compressing the refrigerant used by the supercritical 
refrigerating cycle characterized by providing the following. The rocking object which is prepared in the 
tilt-angle adjustable to a revolving shaft in the crank case formed airtightly, and carries out rocking 
movement by the rotation drive of said revolving shaft, After inhaling and compressing the refrigerant 
from an inhalatorium into a cylinder by connecting with said rocking object and reciprocating, The 
control unit of the variable-capacity compressor to which it was made to change discharge quantity by 
having the piston which carries out the regurgitation to a regurgitation room, and changing the tilt angle 
of said rocking object according to the difference of the pressure in said crank case, and the pressure in 
said inhalatorium The control valve which controls the valve element which is prepared in the high- 
pressure free passage way which opens said regurgitation room and said crank case for free passage, and 
introduces the pressure from said regurgitation room to said crank case according to the pressure 
detection by the pressure-sensitive part The constant differential pressure regulating valve controlled so 
that the pressure which it is prepared in the low voltage free passage way which opens said inhalatorium 
and pressure-sensitive part of said control valve for free passage, and the pressure-sensitive part of said 
control valve receives, and the pressure of said inhalatorium become the fixed differential pressure of 
arbitration 

[Claim 2] Said control valve is the control unit of the variable-capacity compressor according to claim 1 
characterized by preparing predetermined path clearance in the attaching part of the shaft which tells the 
variation rate of said pressure-sensitive part to said valve element between the port which introduces the 
pressure of said regurgitation room in order to secure the internal pressure of said pressure-sensitive part 
more than fixed, and the port which is open for free passage on said low voltage free passage way, and 
making it make the pressure of said regurgitation room leak to the port which is open for free passage on 
said low voltage free passage way. 

[Claim 3] said law — a differential pressure regulating valve can carry out adjustable [ of the differential 
pressure of the pressure which said pressure-sensitive part receives, and the pressure of said 
inhalatorium ] to arbitration ~ as — electromagnetism — the control unit of the variable-capacity 
compressor according to claim 2 characterized by making it a drive type. 



[Translation done.] 
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DRAWINGS 




[Drawing 2] 
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[Drawing 3] 
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